INTRODUCTION
Biliary surgeons may experience frustration when patients who undergo cholecystectomy subsequently present with retained common bile duct (CBD) stones after discharge, despite the absence of CBD stones on preoperative or postoperative check-ups. Such patients are likely to be referred to internal medicine specialists for diagnosis and subsequent treatment. The original surgeon is likely to feel culpable for declaring complete recovery and may suffer a loss of rapport with the patient. Other issues include the medical expenditure associated with the diagnosis and treatment of retained CBD stones, the risk of complications associated with endoscopic retrograde cholangiopancreatography (ERCP), and increased patient distress [1, 2] .
CBD stones are detected in 11%-25% of patients with gallbladder (GB) stones [3] , and about 10% of patients who undergo cholecystectomy for symptomatic cholelithiasis have CBD stones, including silent stones [4] [5] [6] . Now that laparoscopic cholecystectomy has replaced open surgery as the gold standard method for treating symptomatic cholelithiasis [7] [8] [9] [10] , it is essential to address the strategy used for the diagnosis and subsequent treatment of unexpected CBD stones.
The aim of this study was to determine the prevalence of clinically significant CBD stones after laparoscopic cho lecys tectomy for symptomatic cholelithiasis, in order to redefine the postoperative checkup plan and ultimately minimize its sociomedical impact. Our results should help surgeons to understand the clinical consequence of symptomatic cholelithiasis and facilitate the introduction of cost-effective postoperative strategies.
METHODS

Study design and patients
In this retrospective single-center study, we retrieved the medical records of all patients who underwent laparoscopic cholecystectomy for symptomatic cholelithiasis (acute or chronic calculous cholecystitis and for biliary colic) who had no evidence of CBD or intrahepatic duct stone on preoperative work up between September 2007 and December 2014 at Seoul Metropolitan Government-Seoul National University (SMG-SNU) Boramae Medical Center. Seoul Metropolitan Government-Seoul National University (SMG-SNU) Boramae Medical Center is a secon dary referral center that performs over 300 laparoscopic cho lecystectomies annually. The study was approved by the Institutional Review Board at Seoul National University Hospital of Boramae Medical Center (approval number: 26-2015-76). We initial searched electronic medical records to identify patients who underwent 'cholecystectomy' in the study period. From these, we excluded patients for the following reasons: (1) cholecystectomy was performed for GB polyps; (2) cholecystectomy was performed concomitantly to surgery for another malignant disease; (3) preoperative diagnosis of GB stone with concomitant CBD stone; (4) cholecystectomy was performed for acalculous cholecystitis; (5) cholecystectomy was performed for gallstone pancreatitis; or (6) cholecystectomy was performed via an open method (Fig. 1) . After excluding ineligible patients, we further investigated the characteristics of patients who underwent postoperative ERCP owing to clinically significant CBD stones. The patients are expected to have had no clinical symptoms or signs of CBD stones in routine preoperative and postoperative assessments, including laboratory and radiologic tests.
SMG-SNU Boramae Medical Center guidelines for
preoperative and postoperative management for symptomatic cholelithiasis (Fig. 2) The diagnostic workup of patients with symptomatic cholelithiasis usually begins with biochemical tests of liver function and systemic inflammation and diagnostic imaging (abdo minal ultrasonography or CT). Any imaging data transferred to the internal medicine department at the time of the patient's referral should be reevaluated by a radiologist. Although ultrasonography provides reliable imaging of the bile duct in most cases, its accuracy is sometimes limited by colonic gas, obesity, anatomical variations, and the sonographer's experience. The specialist should then determine whether any blood biochemical markers (e.g., alkaline phosphatase, total bilirubin, aspartate transaminase, and alanine transaminase) are elevated. If ultrasonography is unable to evaluate the entire bile duct in patients with abnormal liver function markers, Dec.
Concomitant cholecystectomy for other malignancy (n = 308) (Hepato-biliary-pancreas; n = 160, gastro-intestinal tract; n = 148) GB stone with concomitant CBD stone (n = 184) GB polyp (n = 132), acalculous cholecystitis (n = 9) Gallstone pancreatitis (n = 11), open cholecystectomy (n = 31)
Excluded by
Patients who underwent alparoscopic cholecystectomy for symptomatic GB stone (n =1,467) ( ) acute or chronic calculous cholecystitis, biliary colic noncontrast CT should be performed to rule-out potential CBD stone. Noncontrast CT should be favored because fasting and the use of contrast media are generally unnecessary and it is relatively inexpensive, although it is unable to detect radiolucent stones. Contrast-enhanced CT scan can also be used as a primary imaging modality, and this is usually performed in an emergency room or at another hospital. If suspected GB stone is invisible on CT images, ultrasonography could be performed as an ancillary imaging modality. The high likelihood of a CBD stone in patients with typical abdominal symptoms and liver function test abnormalities without visible CBD stone can prompt some specialists to perform magnetic resonance cholangiopancreatography (MRCP). In our institution, our policy is to remove all CBD stones by ERCP first, and then perform laparoscopic cholecystectomy. Intraoperative cholangiography is not routinely performed. Postoperatively, all patients are checked with biochemical tests (complete blood cell count and liver function tests) and non-contrast CT at one month after LC.
Data retrieval
The clinical data of the eligible patients were retrieved and retrospectively reviewed. Preoperative data included demographic characteristics, surgical indications, preoperative radiologic imaging modality, and preoperative laboratory test results. Perioperative data included the characteristics of the GB stone, operation time, and elective/emergent surgery. Postoperative data included the follow-up imaging modality, route of admission (outpatient clinic or emergency center), mode of presentation (reason for admission or chief complaint), reason for and outcome of ERCP, time from laparoscopic cholecystectomy to ERCP, length of hospital stay for ERCP, and complications of ERCP.
Statistics analysis
Continuous, normally distributed variables are presented as the median and range, while categorical variables are presented as the number (percent). All analyses were performed using PASW software ver. 18.0 (SPSS, Chicago, IL, USA). 
RESULTS
Between September 2007 and December 2014, 2,111 cholecys tec tomies were identified by reviewing the electronic medical records at SMG-SNU Boramae Medical Center. A total of 644 procedures (30.5%) were excluded because of the exclusion criteria (132: cholecystectomy performed for GB polyps; 308: cholecystectomy was performed concomitantly to surgery for another malignant disease [160: hepato-pancreasbiliary malignancy, 148: gastrointestinal malig nancy]; 184: GB stone with concomitant presence of CBD stones, 9: acalculous cholecystitis; 11: gallstone pancreatitis; 31: open cholecystectomy). After applying these criteria, 1,467 cases of laparoscopic cholecystectomy for symptomatic GB stone were reviewed. A total of 27 of 1,467 patients (1.84%) who underwent lapar oscopic cholecystectomy subsequently underwent ERCP. These patients had no abdominal symptoms, or abnormal radiologic or laboratory findings on routine postoperative check-up done at postoperative 1 month.
Patient demographics and clinical features of the initial operation
Patient demographics and perioperative data are listed in Table 1 . Twenty patients (74.1%) were male and 7 (25.9%) were female. The patients were initially diagnosed with acute calculous cholecystitis (n = 20, 74.1%), biliary colic (n = 4, 14.8%), and chronic calculous cholecystitis (n = 3, 11.1%). Twenty-four patients (88.9%) only underwent contrast-enhanced abdominal CT for preoperative diagnostic imaging and 3 patients (11.1%) underwent abdominal ultrasonography and CT. Laparoscopic cholecystectomy was performed for emergent reasons in 2 patients (7.4%); the other procedures were done electively (n = 25, 92.6%) after the patients' condition had improved with intravenous hydration and antibiotics. The gallstone was ≤ 5 mm in diameter in 21 patients (81.5%), 6-10 mm in 4 patients, and >10 mm in 2 patients (7.4%). The median operation time was 48 min (range, 30-120 minutes). The median hospital stay after surgery was 5 days (range, 2-15 days). All patients showed excellent postoperative recovery and their liver func tion had normalized by 1 month after surgery. Routine abdo minal ultrasonography or noncontrast CT scans showed no abnor malities.
Time between LC and ERCP
The median age of patients at the time of laparoscopic chole cystectomy was 68 years and the median age of at the time of ERCP was 69 years. The median time from laparoscopic cholecystectomy to ERCP was 152 days (range, 60-1,015 days) (Fig. 3) .
Clinical features of retained CBD stones
The clinical findings associated with symptomatic retained CBD stone are listed in Table 2 . Twenty-three patients (85.2%) were readmitted via an emergency center and 4 patients (14.8%) via an outpatient clinic. The clinical symptoms included abdominal pain in 22 patients (74.1%), fever in 15 (55.6%), and jaundice in 6 (22.2%). Interestingly, 3 patients (11.1%) had liver function abnormalities without abdominal symptoms and 1 patient (3.7%) had imaging abnormalities alone. ERCP was performed because of acute cholangitis in 17 patients (62.9%), obstructive jaundice in 6 (22.2%), acute pancreatitis in 3 (11.1%), and asymptomatic imaging abnormalities in 1 (3.7%); some patients had multiple clinical indications. The retained CBD stones thought to cause these symptoms were detected by ERCP in 20 patients (74.1%). However, CBD sludge was found without any stones in 5 patients (18.5%), and 2 patients (7.4%) lacked evidence of either CBD stones or sludge. Twelve patients (44.4%) underwent ERCP multiple times; twice in 11 patients and thrice in 1 patient to remove a previously deployed plastic stent in 10 patients (37.0%) and to remove a residual CBD stone despite bile duct clearance via the prior ERCP in 2 patients (7.4%). ERCP-related complications occurred in 9 patients (33.3%), and included acute cholangitis in 6 patients, and acute pancreatitis, duodenal bleeding, and duodenal perforation in 1 patient each. The median hospital stay for ERCP was 6 days (range, 3-24 days).
DISCUSSION
This retrospective study determined the prevalence of clinically significant retained CBD stones in patients undergoing laparoscopic cholecystectomy for symptomatic cholelithiasis without evidence of CBD stones in preoperative and post operative workup, based on data from a single center. Surgeons are likely to feel embarrassment when they encounter pa tients with this postoperative clinical course. Collins et al. [6] reported that in nonjaundiced patients with normal duct son transabdominal ultrasound, the prevalence of CBD stone at the time of cholecystectomy is unlikely to exceed 5%. Considering the prevalence of silent CBD stone of 3%-5% [4] [5] [6] 11, 12] and the proportion of patients who might have visited other institutions in whom the diagnosis of CBD stones was potentially missed, our data do not show the prevalence of all retained CBD stones after laparoscopic cholecystectomy, only the prevalence of clinically significant retained CBD stones.
Peng et al. [3] reported that the overall incidence of CBD stones with GB stones was 11%-25%. It was comparable when considering sum of 184 patients of GB stones with concommitant CBD stones (184 of 2,111; 8.7%) and 20 patients who really had CBD stones after LC operation for symptomatic GB stones (20 of 1,467; 1.4%) could make up 10.1% in present study.
Primary CBD stones are more common in Southeast Asian pop ula tions than in other populations, and are usually described in the ERCP report as 'mud'-like stones, not laminated stones, that form in the CBD following biliary infection and stasis [13, 14] . Secondary CBD stones, which originate in the GB and migrate into the CBD, have a typical appearance of laminated GB stones [15] . In this study, ERCP showed that 20 patients had retained CBD stones, which might be as secondary stones rather than primary stones. Only 5 patients had sludge without definite CBD stones, and small stones could be spontaneously excreted [16, 17] . Therefore, most of the clinically significant retained CBD stones after laparoscopic cho lecystectomy in our study appear to have formed in the GB rather than in the CBD. In addition, 23 patients (85%) underwent ERCP within 1 year after cholecystectomy, and therefore satisfy the criteria for secondary CBD stones, based on the criteria for primary CBD stone proposed by Johns Hopkins Hospital [18] as follows: (1) previous cholecystectomy with or without common duct exploration; (2) an asymptomatic period of ≥2 years after initial biliary tract surgery; (3) presence of soft, easily crushable, light-brown stones or sludge in the CBD; and (4) no evidence of a long cystic duct remnant or a biliary stricture resulting from the prior surgery. There are several mechanisms that explain the postoperative for mation of retained CBD stone in patients without preoperative evidence. (1) The stones spontaneously migrate from the GB between preoperative imaging and surgery. (2) The stones migrate during operative manipulation. This is likely to occur if the stone is impacted in the cystic duct at the time of preoperative imaging, particularly if no stones are found in the GB after cholecystectomy. (3) Asymptomatic, radiolucent stones are already present in the CBD but cannot be detected by CT. This indicates that the GB and CBD stones have different origin. (4) Preoperative ultrasonography missed the CBD stones because they were obscured by colonic gas or obesity, and there was no evidence of bile duct dilatation and liver function test abnormalities. (5) New CBD stones developed during the postoperative period (i.e., primary CBD stone formation). Because any of these situations may occur in clinical settings, surgeons should notify their patients that CBD stone may be detected sometime after surgery, especially in patients who were originally diagnosed with multiple and small-sized GB stones.
Recently, Kim et al. [19] retrospectively reviewed a database of 1,455 LCs and evaluated whether there was a risk factor in patients who underwent ERCP within 6 months after LC, they compared admission route, preoperative biochemical liver function test, number of stones, gallstone size, adhesion around GB, wall thickening of GB, and existence of acute cholecystitis. They suggested that longer operation time and acute cholecystitis could be possibly associated with prevalence of undergoing postoperative ERCP in patients with LC for symptomatic GB stone disease. That's because the operation time becomes more protracted, the probability of gallstone transmission to the CBD through the cystic duct will rise. It means that most of CBD stones they found in ERCP had come from GB.
Cost-effective diagnosis and subsequent management of retained CBD stones are controversial. The initial workup of patients with suspected cholelithiasis is usually involves transabdominal ultrasonography or CT at an outpatient clinic or emergency center, depending on the patient's clinical setting, the institutional protocol, or the attending clinician's preference. Because transabdominal ultrasonography is often limited in terms of the ability to detect distal CBD stones, it is possibly inadequate to identify patients who are highly likely to have CBD stones. In addition, it is undeniable that CT shows limited ability to detect calcium-free radiolucent stones. Although recent studies [20, 21] suggested that helical CT cholangiography can be used to diagnose CBD stones with sensitivity and specificity similar to magnetic resonance cholangiography, its use as a primary radiologic imaging modality seems to be inappropriate from a cost-effectiveness perspective. In addition, Ammori et al. [22] proposed that a "wait and see" policy of observation alone for patients with small bile duct calculi detected at intraoperative cholangiography (IOC) during laparoscopic cho le cys tectomy appears to be safe, and is more cost-effective than routine postoperative ERCP. Furthermore, some studies have suggested that the most costeffective treatment strategy for most patients with symptomatic cholelithiasis involves laparoscopic cholecystectomy with routine IOC, as IOC can help laparoscopists to visualize the biliary anatomy and detect unexpected CBD stones [23, 24] . However, it remains debated whether IOC provides sufficient benefits in terms of its efficacy and safety to justify its routine application. Indeed, several studies [6, 25] have shown that IOC in addition to routine laparoscopic cholecystectomy of symptomatic cholelithiasis did not improve the detection rate of unexpected CBD stones or bile duct injury, but did increase the operation time. IOC can also complicate the surgical procedure and increase the risk of adverse complications. Needless to say, MRCP and endoscopic ultrasonography show high diagnostic accuracy for CBD stones owing to their accurate visualization of the biliary system without invasive instrumentation. However, the appropriate timing of these procedures is being investigated with respect to their cost-effectiveness. Bahram and Gaballa [26] advocated routine preoperative MRCP to reduce the incidence of postoperative complications and to detect unexpected CBD stone. However, other studies [12, 27] opposed routine MRCP owing to its poor cost-effectiveness. Nevertheless, if CBD stones are strongly suspected in patients with bile duct dilatation, the presence of liver function abnormalities should justify the use of MRCP or endoscopic ultrasonography.
Per Videhult et al. [28] conducted a prospective, nonselected, population-based study and reported that the numbers of falsepositive and false-negative findings were relatively high and that fewer than half of the patients with elevated alkaline phosphatase or bilirubin were found to have CBD stone on IOC; alkaline phosphatase and bilirubin levels were the best predictors of CBD stones. In our institution, unenhanced CT is routinely performed postoperatively to detect retained CBD stones along with laboratory measurement of alkaline phosphatase and bilirubin concentrations. Irrespective of whether symptoms are persistent, the combination of unenhanced CT and alkaline phosphatase tests could offer a reliable, technically simple, and economical postoperative screening strategy to detect potential retained CBD stones following laparoscopic cholecystectomy for symptomatic cholelithiasis.
In the present study, the median time from laparoscopic cholecystectomy to ERCP was 152 days (range, 2 months to 1,015 days). Cox et al. [29] reported a median time from LC to ERCP of 4 years. They reviewed 61 patients who underwent ERCP after laparoscopic cholecystectomy between 1994 and 2010, of which 52 (85.2%) underwent laparoscopic cholecystectomy at another institution. The distribution of the time from laparoscopic cho lecystectomy to ERCP was skewed, with one-quarter presenting within 12 months and one-half by 4 years, but several patients underwent ERCP at >10 years after laparoscopic cholecystectomy. Therefore, the main reason for the difference between the reported times of their study and our study is the difference in the follow-up period, which was 7 years in our study versus 16 years in the study by Cox et al. [29] .
In summary, the prevalence of clinically significant retained CBD stone after laparoscopic cholecystectomy in this study was 1.84%. The median time from laparoscopic cholecystectomy to ERCP was 152 days, ranging from postoperative 2 months to 2 years 9 months. Based on these findings, we recommend that biliary surgeons should notify their patients in advance of the risk of retained CBD stone, though low incidence, after laparoscopic cholecystectomy for symptomatic cholelithiasis and its necessity of following invasive treatment.
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